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Proteolysis of the Abdominal Aortic Aneurysm Wall and the Association
with Rupture
E. Petersen∗, F. Wa˚gberg and K.-A. A¨ngquist
Department of Surgery, Umea˚ University Hospital, Umea˚, Sweden
Purpose: to investigate proteolysis of the abdominal aortic aneurysm (AAA) wall and the association with rupture.
Methods: levels of matrix metalloproteinases (MMP-2 and MMP-9) and tissue inhibitor of metalloproteinases (TIMP-
1 and TIMP-2) were measured in the walls of medium-sized (5–7 cm in diameter) ruptured AAA (rAAA) (n=30) and
large ([7 cm in diameter) asymptomatic AAA (aAAA) (n=30).
Results: MMP-2 levels (median, range) were significantly higher in the walls of large aAAA (165 ng/g AAA tissue,
50–840) than from medium-sized rAAA (110 ng/g AAA tissue, 47–547, p=0.007). MMP-9 levels were significantly
higher in the walls of medium-sized rAAA (107 ng/g AAA tissue, 19–582) than from large aAAA (55 ng/g AAA tissue,
11–278, p=0.012). TIMP-1 and TIMP-2 levels were equivalent. There was a positive correlation between MMP-2 and
the diameter of aAAA (r=0.54, p=0.002), but a negative correlation with MMP-9 (r=−0.44, p=0.017). No significant
correlations were found between aAAA diameter and TIMP-1 or TIMP-2.
Conclusion: AAA rupture is associated with higher levels of MMP-9. There is no association with TIMP-1 or TIMP-2
levels. MMP-2 levels are positively, whereas MMP-9 levels are negatively, correlated with aAAA size. MMP-9 may play
a role in the progression towards rupture, whereas MMP-2 may play a role in expansion.
Key Words: Abdominal aortic aneurysms; Rupture; Expansion; Matrix metalloproteinases; Tissue inhibitor of metallo-
proteinases.
Introduction matrix during normal physiological conditions. A dis-
ruption of the balance may result in uncontrolled
Degradation of extracellular matrix proteins in the turnover of the extracellular matrix. In AAA this pro-
aortic wall is a key event in the formation of AAA,1,2 cess may ultimately cause rupture. It has been shown
resulting in decreased elastin concentration2–4 and in- that increased elastase activity in the AAA wall in
creased collagen turnover.5,6 Several studies have combination with low anti-proteinase (1 antitrypsin)
shown the presence and involvement of matrix activity is associated with rupture.24 Additionally,
metalloproteinases (MMP) in AAA disease.7–13 MMP- AAA rupture in a rat model is correlated with in-
2 (72 kD type IV collagenase) and MMP-9 (92 kD type creased MMP-2 and MMP-9 expression, whereas
IV collagenase) possess elastase and collagenase ac- TIMP-1 overexpression prevents rupture.25
tivity14,15 and are involved in AAA disease, where Increased proteinase activity seems thus associated
MMP-9 appears to be the predominant metal- with rupture. In a previous study, we investigated
loproteinase expressed.16,17 MMP-2 and -9 are secreted 0.2 m NaCl extractions of AAA tissue from rAAA and
from cells as pro-enzymes, and various activators and asymptomatic AAA (aAAA). Using zymography we
tissue inhibitors of metalloproteinases (TIMPs)18 con- found that increased MMP-9 activity was associated
trol their activities in the extracellular environment. with rupture.26 The basis for this increase in MMP-9
Currently, four different TIMPs are known, of which activity is not known, but may be caused by increased
TIMP-1 and TIMP-2 are secreted from cells in complex synthesis, increased pro-enzyme activation or de-
with pro-MMP-9 and pro-MMP-2, respectively.19–23 creased inhibition by TIMPs.
A delicate balance between MMPs and TIMPs are The aim of the present study was to measure the
maintained in the metabolism of the extracellular levels of MMP-2 and -9 (pro- and active enzyme) and
TIMP-1 and -2 in urea extractions of the AAA wall
from patients with medium-sized (5–7 cm in diameter)∗ Please address all correspondence to: E. Petersen, Department of
Surgery, Umea˚ University Hospital, 90185 Umea˚, Sweden. ruptured AAA (rAAA) and from patients with large
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Table 1. Patient characteristics and results. Age and the levels of MMP-2, MMP-9, TIMP-1 and TIMP-2 are given as median, [range].
∗: Chi-square test. †: Mann–Whitney U-test.
Large aAAA Medium-sized rAAA p
n=30 n=30
Age (years) 66, [57–83] 69, [55–82] 0.68†
Gender (m/f) 24/6 27/3 0.47∗
Current smoking (%) 8 (27) 9 (30) 0.77∗
Diagnosis of hypertension (%) 16 (53) 12 (40) 0.30∗
MMP-2 (ng/g AAA tissue) 165, [50–840] 110, [47–547] 0.007†
MMP-9 (ng/g AAA tissue) 55, [10–278] 107, [19–582] 0.01†
TIMP-1 (ng/g AAA tissue) 4651, [859–20635] 6110, [914–15100] 0.61†
TIMP-2 (ng/g AAA tissue) 375, [108–800] 411, [37–825] 0.52†
([7 cm in diameter) asymptomatic AAA (aAAA). In- 10 volumes (v/w) of 0.2 m NaCl, 0.01×PBS, 8 m urea
and protease inhibitor (Boehringer Mannheim, com-vestigating a group of AAA rupturing at a certain size
and a group that did not rupture at that size may reveal plete, EDTA-free, no. 1 873 580) at 4 °C. Since a lot of
MMPs were detected in the washings (data not shown)important information on MMP-2, MMP-9, TIMP-1
and TIMP-2 levels and their relation to rupture. the washings and extractions from each sample were
pooled and centrifuged at 15 000×g for 30 min at 4 °C.
The samples were then transferred to membrane tubes
(Spectra/Por, MWCO 12-14000, lot no. 11704) and
Material dialysed against 100 volumes (v/v) of 10 mm Tris-HCl
buffer, pH 7.4, 0.02% sodium azide, 0.2 mm PMSF at
Thirty consecutive patients with medium-sized 4 °C for 12 h to remove urea. Sample volume was
(5–7 cm) rAAA and 30 patients with large ([7 cm) unaltered after dialysis. The samples were thereafter
aAAA undergoing aneurysm repair were studied. measured in duplicate for presence of TIMP-1 (Amer-
Retrospective information on age, gender, current sham Pharmacia Biotech, no. RPN 2611), TIMP-2
smoking and diagnosis of hypertension were obtained. (Amersham Pharmacia Biotech, no. RPN 2618), total
See patient characteristics (Table 1). The maximal cross- MMP-2 (Oncogene, no. QIA63) and total MMP-9 (R&D
sectional AAA diameters were measured pre- System, DMP900) according to the manufacturer’s in-
operatively by CT scan and/or sonography. In five structions. For each sample an average value (ng/g
cases of rupture the diameter measurement was per- AAA tissue) was calculated. Sensitivity of ELISA for
formed peroperatively. The diameter was corrected MMP-2, MMP-9 TIMP-1 and TIMP-2 was 0.1, 0.16, 1.25
to the nearest 1.0 cm. At operation, all AAA were and 3.0 ng/ml, respectively. Within-assay precision
macroscopically non-inflammatory. Full thickness tis- (coefficient of variance) was 8%, 3.3%, 9.9% and 3.9%
sue specimens from the central part of the anterior and between-assay precision was 10%, 7.4%, 13.6%
wall of all aneurysms were harvested at surgery. The and 4.6%, respectively.
specimen were cleaned for blood, dissected from
thrombus and frozen at −70 °C. The study was ap-
proved by the Scientific Ethical Committee, Umea˚
University Hospital and reported to the Central Con-
Statistical Methodstrol of Registers. All patients gave informed consent.
The Statistical Package of the Social Sciences (SPSS for
Windows 10.0) was used. The variables MMP-2, MMP-
9, TIMP-1 and TIMP-2 were not normally distributed.Methods
A Mann–Whitney U-test was used to test differences
in age and levels of MMP-2, MMP-9, TIMP-1 andFull thickness specimens from the central part of the
anterior aneurysm wall were weighed and washed TIMP-2 between medium-sized rAAA and large
aAAA. Differences in dichotomous variables weretwice for 15 min in 10 volumes (v/w) of 0.15 m NaCl,
0.01×PBS and protease inhibitor (Boehringer Mann- tested by Chi-square test. Spearman’s rank correlation
coefficient tested correlations between MMP-2, MMP-heim, complete, EDTA-free, no. 1 873 580) at 4 °C. The
aortic tissues were then dissected to small pieces and 9, TIMP-1 and TIMP-2 levels and AAA diameter.
Statistical significance was set at 95% (p<0.05). Resultscrushed to fine powder in liquid nitrogen. Tissue
powder were weighed and extracted twice for 12 h in were reported as median and range.
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aAAA and TIMP-1 or TIMP-2 levels. Additionally,
no significant correlations were found between the
diameter of medium-sized rAAA and MMP-2, MMP-
9, TIMP-1 or TIMP-2 levels.
Discussion
The present study shows that rupture is associated
with higher levels of MMP-9 in the AAA wall. This
result supports our previous study showing increased
MMP-9 activity in the wall of rAAA.26 We also found
a negative correlation between aAAA diameter and
MMP-9 levels, indicating that expansion is associated
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with low MMP-9 levels. This is in contrast to another
Fig. 1. Correlation between aneurysm diameter and MMP-2 levels study finding a positive correlation between AAA
in large aAAA. diameter and MMP-9 activity;16 however, the number
of observations was very small. We observed that
MMP-2 levels were positively correlated to aAAA
diameter, indicating that expansion is associated with
increased MMP-2 levels. The low MMP-2 levels found
in medium-sized rAAA could therefore be explained
by their smaller size compared to large aAAA.
The action of TIMP-1 and -2 do not seem to influence
the fate of AAA as regards to rupture. As all four
currently known TIMPs can inhibit all currently known
MMPs it is difficult to discuss the influence of TIMP-
1 and -2 on MMP activity. However, the specific bind-
ing of TIMP-1 and -2 to the C-terminal of MMP-9 and
MMP-2, respectively, suggest that an increase in MMP-
levels, which is not followed by an increase in TIMP,
result in increased levels of TIMP-free MMPs and
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increased proteinase activity.
Fig. 2. Correlation between aneurysm diameter and MMP-9 levels The arterial collagens type I and III can both be
in large aAAA. degraded by MMP-9, whereas MMP-2 can only de-
grade collagen type I.27,28 Both MMPs are elastases. TheResults
critical elements concerning aneurysm enlargements
involves both elastin and collagen degradationThere were no significant differences in age, gender,
and the frequency of current smoking and a diagnosis whereas rupture involves collagen degradation.1 The
present study may therefore underscore the previousof hypertension between the groups (Table 2). MMP-
2 levels (median, range) were significantly higher in presumptions that MMP-2 is involved in AAA di-
latation mainly through elastin degradation, whereasthe walls of large aAAAs (165 ng/g AAA tissue, 50–
840) than of medium-sized rAAAs (110 ng/g AAA MMP-9 is involved in rupture through collagen de-
gradation.tissue, 47–547, p=0.007). On the contrary, MMP-9
levels was significantly higher in the walls of medium- The reason why a change in the balance between
MMP-2 and MMP-9 can influence the fate of an AAAsized rAAA (107 ng/g AAA tissue, 19–582) than of
large aAAA (55 ng/g AAA tissue, 11–278, p=0.012). may hypothetically be related to the site of action of
the MMPs. MMP-9 is released from mononuclear cells,TIMP-1 or TIMP-2 levels were equivalent (Table 2).
There was a positive correlation between the dia- especially macrophages, and are principally localised
to inflammatory cells in the adventitia.8,29 Increasedmeter of large aAAAs and MMP-2 (r=0.54, p=0.002)
(Fig. 1), whereas the correlation to MMP-9 was neg- MMP-9 may interfere with the reparative remodeling
process, which is located to the adventitia, by in-ative (r=−0.44, p=0.017) (Fig. 2). No significant cor-
relations were found between the diameter of large creasing, directly or indirectly, degradation of newly
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